Rous sarcoma virus group antigen protein based virus like particles (VLPs) are well 17 known for their structural integrity and ease of handling. VLPs are playing an important 18 role in drug delivery system as they can be manipulated with ease. Therefore, in this 19 study a new method was established for expressing Rous sarcoma virus group antigen 20 protein based VLPs in silkworm larvae and establishing stably expressing insect cell 21 lines. These VLPs have been isolated using step sucrose gradient of 10%-60% (v/v) by 22 ultracentrifugation method and their spherical structure has been confirmed under 23 transmission electron microscope. The spherical morphology is similar in both the 24 silkworm larvae and in stably expressing cell lines. Silkworm larvae are better suited for 25 producing Rous sarcoma virus group antigen protein based VLPs on large scale 26 approximately 8.2 fold higher than the stable cell lines. These VLPs shall provide a new 27 method for large scale application in vaccine development and drug delivery system.
Introduction

32
Rous sarcoma virus (RSV) species belongs to the family Retroviridae, subfamily 33 Orthoretrovirinae, genus Alpharetrovirus of single stranded RNA virus was one of the 34 first found to cause cancer in chickens. Lot of study has been reported to elucidate the 35 structure of group antigen protein (gag) which is important in the assembly and 36 packaging of the RNA into the virus and subsequent pinching from the host's cell 37 membrane. It's composed of mature proteins matrix (MA), capsid (CA) and 38 nucleocapsid (NC) proteins required to package the RNA genome and later being 39 cleaved off by viral proteases (Ma and Vogt, 2002) . RSV-gag codes for 701 amino acid 40 length protein which dimerize on the cellular membrane to form the VLPs of 30-120 41 kDa range. These researches have become more relevant owing to the conserved nature 42 of the protein found in other virus belonging to the retroviridae family. 43 Retrovirus based vaccines have the potential of becoming the next generation DDS. 44 Retroviruses are famous for their ingenuity to enter the host cell utilizing the viron 45 which have evolved the art of crossing the host plasma membrane barrier efficiently 46 (Waelti and Gluck, 1998) . Up till now mainly viral based gene therapy has been focus 47 of research and improvement but a yet not well established field wherein only the virion 48 or the viral envelope only is used as a container to transport therapeutics to a cell or 49 tissues has not been exploited efficiently (Kondo et al., 2008) . VLPs are capsid proteins 50 minus the genetic material of the virus; in short they are hollow viral protein cages. 51 These capsid proteins from almost any virus minus the genetic material when expressed 52 in an expression system have the innate ability to fold and self-assemble as VLPs. This 53 property has been of great interest from the vaccine development aspect (Roy and Noad, 54 2008). Neutralizing a threat from an epidemic virus like influenza is very important.
55
They have the ability to mask their surface proteins like hemagglutinin (HA) very 56 quickly and resurface with a vengeance with very high mortality rate (Fanning and 57 Taubenberger, 1999). Presenting these active components of the virus for developing 58 antibodies or vaccines for treatment and detection is of prime importance. Concerns 59 regarding the safety of recombinant viruses have prompted increasing interest in viral 60 systems carrying no genetic material; VLPs present an appropriate opportunity to be 61 used as a DDS since it carries no genetic material.
62
Insect cell serves as a good host and an equally better expression system to express 63 different proteins for commercial and research applications utilizing baculovirus 64 (Dojima et al., 2009) . Up till now many researchers have used baculovirus expression 65 system to express virus like particles (VLPs) and using it is well known to produce 66 vaccine delivery systems (Keller et al., 2008; Noad and Roy, 2003; Wills et al., 1989) .
Recently silkworms have evolved as an efficient expression system able to express 68 proteins at high levels using Bombyx mori nucleopolyhedrovirus (BmNPV) species 69 belonging to family Baculoviridae (Kato et al., 2010) of the family of double stranded 70 DNA virus. It takes almost one month to express and purify any protein at milligram 71 level using BmNPV bacmid based expression system in silkworm larvae (Dojima et al. 72 2010). Injecting two or more bacmids with two or more sub-unit proteins can be 73 co-expressed and allowed to form complete functional proteins which can then be 74 purified. Silkworm larvae are completely domesticated insects and they have been in 75 use for many centuries without affecting humans.
76
In the current study the focus is on the need to establish a system comprising of 77 stable insect cell line and silkworm based expression system to express a complete and 78 RSV-gag minus the PR region of approximately 75 kDa and 61 kDa theoretical 79 molecular weight, respectively. The short RSV-gag-577 codes for 577 amino acids and 80 its ability to form VLPs is well documented (Joshi and Vogt, 2000) . The ability of 81 silkworms to express the VLPs and serve as a more potent system to express VLPs in 82 future compared to other bacterial systems (Yu et al., 2001) . This is also important for a 83 large scale application of VLPs as vaccine/DDS can be made by fusing robustness of 84 insect cell expression system and VLPs. These samples were then aliquoted into 1 ml eppendorf tubes and stored at -80ºC. specific for RSV-gag-577 cDNA their presence was confirmed in D6 clone (Fig. 1B) .
202
D6 clone was then grown in suspension culture and the expression of RSV-gag based 203 VLPs was confirmed using supernatants by western blotting ( Fig. 2A) . It was found that 204 the expression was the highest on 2 nd after passaging for D6 clone in the supernatant 205 (Data not shown). Clone D6 was scaled up and the supernatant was collected for 206 isolation of VLPs by step sucrose gradient method. The various fractions collected were analyzed and it was found that fraction number 5 was the best. Fraction number 5 208 contains RSV-gag-577 and p10-CA which were more homogenous VLPs based upon 209 the theoretical molecular weight (Fig. 2B) . 
Images of VLPs from silkworm and stably expressing cell lines 222
In order to understand the VLPs assembly on the plasma membrane D6 clone was 223 selected and the cells were prepared for observation using confocal laser microscopy. express the core proteins which in turn is also dependent upon the culture conditions.
275
These variables have yet not been explored and from the data presented in current study 276 a hypothesis can be proposed that the VLPs form different sizes of VLPs and hence the 277 presence of different bands in purified samples. The structural morphology was similar to native RSV particles (Keller et al., 2008) and better than bacterial expression systems 279 (Joshi and Vogt, 2000) . The RSV-gag based VLPs purified from silkworms had smooth 280 spherical morphology and the distinctive bilayer of the lipid was very well preserved 281 (Fig. 4D) . The protein core is stained differentially in comparison with lipid bilayer as 
Conclusion
288
In conclusion, VLPs were expressed in silkworms and stable cell lines to establish a 289 VLPs purification system. It was clear that the silkworm based expression system owing 290 to its scale of production and ease of handling makes the expression system very 291 reliable. Further studies are required to improve the purification of VLPs in order to 292 obtain a fixed size and molecular weight VLPs using some tags. This shall benefit in 293 making VLPs a prominent candidate for vaccine platform and drug delivery systems. 
